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STROKE VOL 15, No 1, JANUARY-FEBRUARY 1984 heart disease. In the absence of specific diagnostic tests for the three most common forms of cerebrovascular disease -infarction, subarachnoid hemorrhage and intracerebral hemorrhage -the type of underlying disease may not be diagnosed with certainty during life. For these reasons a necropsy review of cerebrovascular disease would appear to offer some advantages over a review of clinical cases, but autopsy studies are not without their own problems. It is true that ischemic cerebrovascular lesions that are unrelated to terminal illness and those that are discovered as incidental between thrombosis and embolism as the cause of vascular occlusion are usually hemorrhagic, but it may be difficult to distinguish primary hypertensive hemorrhage from secondary hemorrhage into an area of infarction or from subarachnoid hemorrhage due to rupture of an aneurysm of the circle of Willis. Despite these difficulties, autopsy studies have some obvious advantages over clinical analysis: clinically unsuspected or occult lesions can be identified; and cerebrovascular lesions may be correlated with different degrees of vascular disease at other sites, from insignificant intimal streaks in the coronary arteries and aorta to myocardial infarction and aortic aneurysm.
Methods
The Honolulu Heart Program is a prospective investigation of coronary heart disease and stroke in men of Japanese ancestry born in the years [1900] [1901] [1902] [1903] [1904] [1905] [1906] [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] [1915] [1916] [1917] [1918] [1919] , and living on the island of Oahu in 1965. 6 In Honolulu 8006 men participated in a baseline examination during the period [1965] [1966] [1967] [1968] . The methods of study included self administered questionnaires, interviews by dieticians, nurses and doctors, physical examinations, electrocardiograms, and laboratory determinations including serum lipids, uric acid and glucose, one hour after a 50 g glucose load.
7 " 9 Subsequently this cohort of men has been followed for the occurrence of heart disease and stroke. Permission for autopsy is sought after all fatal events, and if this is obtained study pathologists examine the heart, aorta and central nervous system according to a prescribed protocol.
The methods used for the pathologic evaluation of the coronary arteries, aorta and heart have been described in detail previously. 10 Briefly, the coronary arteries and aorta are opened longitudinally, sewn to plastic sheets and stored in formalin. Once a year the degree of atherosclerosis in the accumulated vessels is estimated by one of us (TH) according to the American Heart Association panel method." Each vessel is compared to a panel of photographs showing increasing levels of atherosclerosis. The heart weight is determined after removal of blood and clots. Microscopic sections are taken routinely from seven sites: anterior and posterior aspects of the left ventricle, anterior and central aspects of the interventricular septum, posterior aspect of the mitral annulus, A-V node and right ventricle. Ischemic lesions 0.5 cm or more in diameter are classified as myocardial infarctions. This classification is compatible with that of Ellis et al. 12 The vessels of the circle of Willis are sewn to plastic sheets and stored in 10% buffered formalin. Batches of vessels are graded by one of us (JAR) according to an established protocol. 13 Coronal sections of the cerebrum are cut no greater than 1 cm in thickness and the brain stem is sectioned at 0.5 cm levels. The following routine sections are submitted for microscopic examination: motor cortex, visual cortex, frontal cortex, hippocampus with lateral geniculate body, corpus callosum with cingulate lobe, basal ganglia with internal capsule at the level of the anterior perforate substance, hypothalamus, mesencephalon, pons, medulla, cerebellum; and all gross lesions. All tissues are fixed in 10% buffered formalin, imbedded in paraffin and stained with hematoxylin and eosin.
For analytical purposes the necropsy subjects were divided in three groups: no cerebrovascular disease (N = 191), cerebral infarction (N = 57) and acute hemorrhagic disease (N = 22). Prior studies have indicated that among epidemiologic variables, subarachnoid hemorrhage and intercerebral hemorrhage differed only in respect to left ventricular hypertrophy as determined by EKG. Preliminary analysis also indicated similar mean values of study factors, therefore, these two conditions were combined (16 intracerebral and 6 subarachnoid) for analytic purposes. Men with cerebrovascular disease at autopsy were compared with men not having cerebrovascular disease at autopsy and all men still living at the close of the study period in December 1981. Hemorrhagic disease secondary to septicemia (i.e. mycotic aneurysm) and hemorrhagic diathesis due to drug toxicity were entered into the no CNS disease category.
The following definitions and interpretations were employed: cerebral infarction was defined as a circumscribed area of parenchymal necrosis or cystic change due to ischemia; but peripheral laminar necrosis, and lesions smaller than 1.0 cm in diameter (e.g. lacunes) were excluded from this category. It should be noted that this definition excluded many of the tiny lesions included in a previous analysis of this study population.-1 This decision was made so as to remove from the analysis all lesions of questionable type. A lesion was defined as a hemorrhage if it measured 3 cm or more in the cerebrum or cerebellum and 1.5 cm or more in the brain stem. A lesion was defined as a hemorrhagic infarct rather than a hemorrhage if it enclosed or merged with an area of non-hemorrhagic ischemic necrosis.
In testing the differences between groups, pairwise comparisons were made taking the living group as the base of contrast using the general linear model procedure.
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Results
Comparison of the distribution of causes of death of the men with protocol brain examinations with the causes of death at all other cohort men is shown in figure 1. Coronary heart disease (CHD), CVD and cancer deaths are not significantly different among them, but the examined men had a greater proportion who died of accident or trauma. brain examinations were slightly younger at the time of death and had higher alcohol use than other deaths (table 1) . The central nervous system lesion was the underlying cause of death in all of the 22 men with hemorrhagic disease. The distribution of causes of death for men with cerebral infarction was: coronary heart disease 32%, stroke 8%, cancer 31%, accident 4%, all other causes 24%.
The necropsy subjects with both forms of CVD differed in several respects from those with no cerebral disease (table 2) . Patients with cerebral infarction showed higher grades of atherosclerosis of the coronary arteries and aorta than the no disease group and 58% (age adjusted) were associated with myocardial infarction. Men with hemorrhagic lesions showed higher grades of sclerosis of the vessels of the circle of Willis than those with no CVD. Men with infarct had higher first examination serum cholesterol levels than those of men with no disease or hemorrhagic disease. Men with hemorrhagic disease showed higher diastolic and systolic blood pressures at first examination than did the men with infarction as well as those with no CVD. Dietary studies indicated statistically significant higher protein intake and lower starch and caloric intake among subjects with infarcts than men with no CHD. In contrast, men with hemorrhagic lesions showed higher cigarette use than men with no CVD. STROKE VOL 15, No 1, JANUARY-FEBRUARY 1984 Comparison of men with CVD at autopsy with all living men (table 3) reveals that cerebral infarction was significantly and positively related to elevated blood pressure, serum cholesterol, hematocrit and one-hour postprandial serum glucose; and negatively related to vital capacity. Men with hemorrhagic lesions had higher blood pressure, uric acid and cigarette use; and lower serum cholesterol than men still living. The infarct group had a lower intake of calories and starch than the living group, whereas men with hemorrhagic lesions were noted to have a higher alcohol intake. Men with cerebral infarct were re-analyzed after removing those with myocardial infarction from the calculation (tables 4 and 5). When this was done, with the exception of a diminished vital capacity, none of the statistically significant differences in risk factors remained; and among pathology variables, none retained any significance.
The time sequences of cerebral and myocardial infarction were then assessed from the clinical records of men who had both types of lesions at autopsy. Among 27 men with old myocardial infarctions and old or recent cerebral infarction, the historical records of 13 lacked any mention of a datable clinical event that could be assigned to either lesion. In 8 men myocardial infarction definitely preceded a stroke episode. Three men experienced atrial fibrillation prior to a stroke episode, but had no clinical evidence of myocardial infarction. In three instances strokes preceded clinical myocardial infarction; and the strokes were ascribed to carotid thrombosis, carotid endarterectomy and bacterial endocarditis. In three cases the cerebral infarct was old and the myocardial infarct was recent, with stroke preceding the myocardial lesion by 3 months, 12 years and 2 years. In three additional cases the myocardial and cerebral lesions were of recent origin.
Discussion
This review of cerebrovascular disease at autopsy identified risk factors for cerebral infarction and hemorrhage that were similar to those identified with thromboembolic and hemorrhagic stroke in a previous incidence study of cerebrovascular disease in this same cohort. 4 The serum cholesterol constituted the most conspicuous difference between clinically diagnosed thrombo-embolic stroke and infarction, being higher in the necropsy than the clinical cases. Cigarette consumption was higher in autopsy men with hemorrhagic lesions than in the clinical series. Demonstrated differences were essentially the same when subjects with these tissue changes were compared with men showing no CVD at autopsy or when compared with all men still alive. Cerebral infarcts were associated with myocardial infarction in 58% of cases and were usually not the underlying cause of death. It should therefore come as no surprise that cerebral infarction should share the same risks as myocardial infarction (hypertension, high serum cholesterol, high grades of aortic and coronary atherosclerosis). These associations did not persist when men with myocardial infarction were removed from the analysis. This indicates that brain infarction occurs in two subsets of Honolulu Japanese men. The concurrence of myocardial and cerebral infarction could have two possible causes. Both the cardiac and cerebral lesions might arise on the basis of a parallel development of atherosclerosis in the coronary and carotid systems; or the cerebral lesion might develop as a result of embolization from mural endocardial thrombi. In the majority of cases in which the onset of cardiovascular and cerebrovascular disease could be dated, the cardiac problem was the first to be recorded in the clinical record. The CNS infarctions that did not accompany CHD remain to be explained. Such infarctions could arise on the basis of intracerebral small vessel disease, and histologic analysis of the brain section in these cases is underway in order to test this hypothesis. It is important to recognize a potential bias in these findings. To quote one of the reviewers of this paper: "It is probable that those who have had a stroke and a myocardial infarction clinically are much more likely to die than those who have had stroke alone or have stroke as an incidental finding associated with other disease since myocardial infarction is associated with a high acute case fatality rate and since many individuals with a stroke die after a myocardial infarction. Thus, the results are clearly biased by the higher case fatality rates associated with myocardial infarction. It is obviously difficult to handle this problem, since the entire cohort has not died nor been subject to autopsy examinations; and it is clearly impossible to evaluate the status in regards to pathology of stroke in the survivors or in those who did not have an autopsy examination."
Increased alcohol use was positively associated with cerebral hemorrhagic disease in the Honolulu Heart Program in the previously reported incidence study 4 and in the present autopsy study as well. It appears to be a universal finding among all stroke epidemiology studies that the single most important risk factor for stroke whether due to infarct or hemorrhage, is hypertension. Alcohol could presumably act through its relation to blood pressure elevation, 15 but other factors may also be involved. In this connection it is of interest to observe that three significant variables were blood pressure, serum cholesterol, and cigarette consumption in a discriminant analysis between the living and hemorrhage groups, when all variables found significant in the univariate analyses (table 3) were included. Therefore, it is not clear whether the observed association of hemorrhage with alcohol represents a direct effect or is confounded with other variables such as cigarette smoking. On the other hand if we consider only blood pressure and alcohol intake ignoring other factors, they were both significant. Further work is necessary to elucidate the exact relationship between alcohol intake and the risk of hemorrhage. However, it is interesting to note that the ingestion of large amounts of ethanol is known to be associated with multiple abnormalities in platelet production, survival, structure, function and metabolism. l6 An impaired coagula-STROKE VOL 15, No 1, JANUARY-FEBRUARY 1984 tion system could therefore be an additional risk factor in the generation of hemorrhagic cerebral lesions.
